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SYNTHESIS AND CHARACTERIZATION OF NEW SCHIFF BASE
MACROCYCLES AND THEIR METAL CHELATES

K. S Siddigi* and N. Nishat

Department of Chemistry, Aligarh Muslim University, Aligarh. 202002, India

ABSTRACT

New Schiff base macrocycles , 1,4,7,10-tetraaza-2,3-dioxo-5,6,11,12-bis(1'-phenyl-2'3'-
dimethylpyrazole)dodeca-7,10-diene(L!), 1,4,7,11-tetraaza-2,3-dioxo-5,6,12,13-bis(1'-phenyl-2',3"
dimethylpyrazole) trideca-7,11-diene (Lz),and their Cr(III), Mn(Il), Fe(TID), Co(1l), Ni(), Cu(ll) and
Zn(Il) complexes have been synthesized and characterized by elemental analysis, magnetic
susceptibility, electronic and infrared spectroscopy. The ligands have been characterized by IR and
IH NMR measurements. The complexes were characterized by IR, UV-Vis spectra and magnetic
moments. Molar conductance showsthe non-electrolytic behaviour of the divalent metal complexes
while the trivalent metal complexes appear to be 1:1 electrolytes. An octahedral geometry has been
proposed for all the complexes.

INTRODUCTION

The synthesis and application of macrocycles involving various hetero atoms in the ring is
a subject of current research interest!-¢. A number of efficient methods are now available for the
synthesis of such macrocycles’™!? Sometime the reaction is carred out by metal template
assistance. Complexes of metal ions with synthetic macrocycles are of great interest due to their
resemblance with many naturally occurring systems like porphyrins and cobalamines!!-16 and also
because they are capable of fumishing an environment of controlled geometry. The macrocyclic
polydentate ligands containing oxalato groups are not abundant and, hence, it was of interest to
study the formation of such macrocycles and their transition metal complexes. We herein report the
synthesis and characterization of two new macrocycles and their complexes with first row
transition metal ions.
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RESULTS AND DISCUSSION

The Schiff base macrocycles and their transition metal complexes were synthesized
according to Scheme I They are stable to air and heat. Their colours, melting points. molar
conductances and analyses are listed in Tables I and II. Molar conductances of one millimolar
solution of the divalent metal complexes measured in DMSO at room temperature (11-43 ohm™!
¢m? mol™!) indicated them to be non-electrolytes!” which may be formulated as [M(L)CL,] where
M = Mn(l), Co(Il), Ni(Il), Cu{) and Zn). For the complexes of trivalent metal ions, the molar
conductances fall in the range 72-81 ohm™! cm? mol-! suggesting that they are 1:1 electrolytes and
can be represented as [M(L)C1,]C1 where M ~ Fe(Ill) and Cr(III).

'H NMR Spectra

In the 'H NMR spectrum of the free ligand L2 all CH, protons (as these are equivalent)
appear as & singlet at 8 1.48 (12H), while the two types of methylene protons give a singlet at § 2.5
(4H) and mplet at § 2.6 (2H). The phenyl protons appear as multiplet in the range § 7.2 - 7.5.
The NH protons show a singlet at 8 7.6. The spectrum of L is similar to that of L2, the difference
is only in the methylene protons. Here, the singlet of only one type of methviene protons appears at
8 2.4 (4H). The shift of the CH, and NH proton signals towards lower field in the spectra of metal

complexes is an indication of the coordination of the macrocycles.

IR Spectra

The IR spectra of free Schiff base macrocycles (Table I and V) display a band centered
at 3330 cm™! due to vON-H) of the amide group!® while the C=0 stretching frequency of the amide
group appeared at 1600 cm™!. However, the v(C=0) frequency corresponding to the amide I band
(1600 cm™!) and v(N-N) (1070 cm™! ) remain unaltered in both the free and chelated macrocycles
which is 1n accord with the results reported by Hanson et al!®. These free macrocycles are known to
exhibit v(C=N) at 1660 cm! which undergoes a shift to lower wave number after chelation with
the metal 1on. In the present work, v(C=N) and v(C-N) have been observed in the 1650 -1600
cm! and 1380 -1410 cm™! ranges, respectively, which has been found to be shifted to lower wave
numbers in the complexes due to the reduction in electron density indicating the coordination of

the metal ion via the nitrogen atoms.

The v(M-N) frequency in the Fe(Ill) and Cr(Il) complexes appears in the 375 - 390 cm™!
region as compared with those of divalent metal ions at 315 - 345 cm™. This may be ascribed to
more cffective bonding due to substantial overlap of Cr(lll) and Fe(IIl) orbitals with those of the
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Scheme 1. Synthesis of Ligands and Complexes

299



poydm sejdw AQ pazISSpUAS |q PO 10au1p Ui Aq pazmsdIUAS e

SIDDIQI AND NISHAT

£8°029
(ogon) TID (s9LD) (L) Qo1 uZ 'O'NTOH"D
Z$0l €Tl €TLl 98Y LIS 44 oLz MM 6 9 (10 yruz]
00619
@oo) (oz'11) (oLt 8Ly (€T18) O'NNDTORH™D
96 STl TTLT  €8F  SSIS 102 (Pssz  wap €5 6€ 10 ymOl
12820
re'6) (6Z1L) (8L} (18%) (£9°1S) O'NINTIORH D
86  SHIT €TLL LY ISTKS 11 (PYo6T WD I$ 9 (' 1Nl
6E¥19
(3c°6) (8TID) (e8L1) (18'%) (I1971§) *O*NOOIO*HO
Wwe STl ISLT 96y TTIS 91 ®) ove urd 43 43 (10 11001
SL'9Y9
(sv'8) (019D (9691) (8s'¥) (80°6%) 'O Ne' IO HTD
188 €991 8§91 99v  €T6¥ 6L (P)oze waorg 89 op MO 14l
6€019
(08'8) (911 (S6L1) (b84) (h618) FO'NUWIOHTO
I8 9SIL SSLI 95y I€TS 71 oz ko 8y 8g 10D Al
06219
(I6') (6191 (90°LD) (09%) (£L°6W) FO'NSOMDTHTD
9TL €91  €TLL  98F 196 U (P) 08T  uwseid 6 43 1[0 PO)
SS°b8Y
W) (909 (sv'v9) OINTHD
- -~ WWW 9 0649 - 091  MOfPX - 9 V1

W% D% N% H% 2% q ®

-0t WDy _mgo
yURPNpUo)

('popD) punog sisifeuy mop (D) dIW  1nofo) (%) PPRIX spunodwo)

300

"SOWISYD) IS 1 Pure '] JOF vie] [eOTATEUY PUR 35Unpuo) WO ‘Siiod BRI ‘moje)) 1 djqey.

9T0Z Yo\ 0T #5:20 e [oeniqeusO eiseAlun] Aq pspeojumoq




301

oW dreiduia) £q pIZISPUAS "q  POPSI 103 ) £Q PIZISIUAG “e

(og'on) rID (9oL (oLw) (zz'1s) uzZ 'O'NTOM D
TS0l STIL €TLT 9%V TS ¢ (Pore amum 6  €¥ (10, wz]
70°€€9
(oo (oztn) (oLLy) (8Lv) (€218) ‘O NROTO™HTD
y96  ISIT  TTLL  €8'F  SS°IS o (ol ux 5w (10:mol
L1'829
(re'e) (6T1D 8L s+ (£9'18) TO'NINGOMH D
%6 S¥Il €Ll WY I§1S 7w (Ploze wsai s sy (Mo mnd
1$°879
(8e'6) (sTID (e8L1) (13%) (19°18) FOPNODTIO " H D
Wwe  SEIL ISLL 96y TTIS € (Mot g IS ot 10:100]
847099
(sv'8) (o191) (9691 (85%) (80°6¥) 0N DD
188 €991 8691 99V €T6P 68 (Pl ovz umorg s 8¢ M0 104]
(4474
(03'8) (9c'11) (S6°L1) (#8'%) (¥6°1S) O'NUNIOMHO
s 91T §§°LL 9% TETS W (Posz Ao 05 ¥ ol
- £6'959
(aeL) (6191) (oLD) (09°%) (sL8h) TOINSDIOYH D
9z'L €T9l  €TLL  98Y 196 038 (P osz  wsup sy I 10110 110])
LS'86V
@rzr) (909) (+0'59) MOTI2 ‘O'NUHTO
- -~ ITT 8T9 €S9 - 08T  y8r1 I 4 71

W% D% N% H% D% q ®

-fouiz W, _wyo
dURPNPUC)

('pare)) punog sisApeuy K (D) dI  anoje) (%) PRIX spunodwo)y

NEW SCHIFF BASE MACROCYCLE METAL CHELATES

"SR [EIOP S PUR ;] 10 WR(] [EONATEUY Pl 25URIONPUOD) JEION ‘Siulod BUROpy ‘In0jo) TI JqEL

9T0Z Yo\ 0T #5:20 e [oeniqeusO eiseAlun] Aq pspeojumoq



Downloaded by [Universitdt Osnabrueck] at 02:54 10 March 2016

302

SIDDIQI AND NISHAT

Table III. (Important IR Bands (cm™) for L! and its Metal Chelates

Compounds v(NH) v(C=N)y v(C-N) v(M-N) v(M-Cl)
Lt 3330m 1660s 1410m - -

[CrL! CL]C1 3310m 1630s 1400m 370s 250w
(MnL! Cl,] 3315m 1610s 1390m 3158 260w
{FeLICL]CI 3300m 1630s 1380m 390s 265w
[CoL!CL] 3320m 1590s 1390m 3205 280w
[NiL! CL] 3310m 1580s 1410m 340s 290w
[CuL!CL] 3310m 1640s 13%0m 330s 285w
[ZnL!CL] 3300m 1590s 1390m 330s 295w
Table IV. Important IR Bands (cm ') for L? and its Metal Chelates

Compounds v(NH) v(C=N) v(C-N) vM-N) v(M-Cl)
L2 3330m 1650s 1380m - -
[CrLACL]C 3320m 1630s 1360m 380s 300w
[MnL*CL, 3300m 1620s 1370m 345s 300w
[FeL2CLICI 3315m 1610s 1360m 375s 280w
[CoL2C,] 3310m 1640s 1370m 3453 290w
[NIL*CL,] 3300m 16358 1365m 3453 300w
[CuL?CL,) 3320m 16208 1360m 340s 295w
[Znl2CL) 3310m 1630s 1360m 3158 275w




Downloaded by [Universitdt Osnabrueck] at 02:54 10 March 2016

NEW SCHIFF BASE MACROCYCLE METAL CHELATES 303

ligands which increases the electron density around them with a consequent increase in v(M-N).
The weaker intensity bands observed in the region 250 - 300 cm™ may be associated with the
M - Cl bond?0.

Electronic Spectra and Magnetic Moments

In all the complexes of Cr(Ill) three bands were observed (Table V). From the simple
orbital splitting pattem, it is clear that Cr(Ill) has three unpaired electrons which is supported by
the observed magnetic moment. These results correspond to an octahedral geometry around the

metal 1on.

The majority of high spin Mn(ll) complexes have an effective magnetic moment of 5.90
BM. In the present case the observed value (6.00 - 6.04 BM) is very close to the calculated one?!.
The magnetic moment value and electronic spectra suggest an octahedral geometry for the Mn(Il)

on.

Three bands are anticipated for all the complexes of Fe(Ill). The magnetic moment of
5.86 - 5.88 BM and the colour of the complexes are consistent with an octahedral geometry around

the metal jon?2,

The Ni(Il) complexes exhibit three main bands (Table V) which may be attributed to the
transitions 3T, (P} 3A, (F), 3T, (F)«3A,(F) and 3T, (F)e 3A,,(F). On the basis of magnetic
and spectral assignments, an octahedral structure for the Ni(II) 1on has been proposed.

The electronic spectra of the Co(Il) complexes show three absorption bands and the
magnetic moment ranges between 2.62 - 2.81 BM. This variation is possibly due to 8 minor

difference in the size and field strength of the macrocycles?3.

In the electronic spectra of the Cu(ll) complexes one charge transfer and one broad band
have been observed which is the characteristic of Cu(ll) ion. The magnetic moment is slightly
above the theoretical value although it is not very unusual for an octahedral Cu(Il) complex.

EXPERIMENTAL

Aminoantipyrine, ethylenediamine, 1,3-diaminopropane (Koch Light) diethyl oxalate and
metal chlorides (BDH) were used as received. Elemental analyses were made with a Thomas and
Coleman analyser Carlo Erba 1106. The ! H NMR spectra were recorded on a Bruker WP SY
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spectrometer. The IR spectra (4000 - 200 cm"!) were recorded on a Perkin Elmer grating
spectrometer, model 621. The electronic spectra were recorded on a Carl-Zetss VSU-2P
spectrophotometer. Magnetic susceptibility measurements were carried out with a vibrating sample
Allied Research model 155 magnetometer at room temperature. The molar conductances were
measured at room temperature using a Systronics 321 conductivity bridge. Metals were determined

by complexometric utration using EDTA Chlorine was determined gravimetrically.

Synthesis of L! and L2

Synthesis of 1}

Ethylenediamine (10 mmol, 0.66 mL) was added dropwise to 4-aminoantipyrine (20 mmol,
4.6 g) dissolved in 100 raL hot ethanol and the mixture was retluxed for about 20 h It was cooled
to 0°C and acidified with HCI. taking care that the temperature did not exceed 0°C, which yielded
a light brown precipitate. It was redissolved in 50 mL ethanol, diethy! oxalate (10 mmol. 1.35 mL)
was added and the mixture was cooled to 0°C, which afforded a yellow product (Scheme I). It was
washed with ethanol and dried in vacuo. Yield, 1.59 g (26% ).

Synthesis of L?

L? was synthesized by the above method using 1,3-diaminopropane (10 mmol, 0.85 mL)
and 4-aminoantipyrine (20 mmol, 4.06 g) and diethyl oxalate (10 mmol, 135 mL) . Yield 1.48 g
(24%).

Synthesis of Complexes by the Direct Method

The metal chloride (2 mmol} in ethanol (25 mL) was added dropwise to the ligand (2
mmol) dissolved in a 1:1 mixture (50 mL) of ethanol and a buffer of pH = 4. The mixture was
refluxed for 3 h. A coloured precipitate appeared under reflux which was filtered, washed with
ethanol and dried in vacuo. As the yield of the complexes synthesized by metathetical reactions

was very small, the template method was also employed.

Template Synthesis of Complexes

Ethylenediamine (2 mmole, 0.12 mL) was added dropwise to an ethanolic solution (50 mL)
of 4-aminoantipyrine (4 mmol, 0.18 g). After refluxing this mixture for about half an hour, diethyl
oxalate (2 mmol, 0.2 mL) was added and further refluxed for 24 h. The mixture was cooled to 0°C
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and metal chloride (2 mmol ) in ethanol (25 mL) was added which afforded brisk precipitation of
the complexes (Yield 48 - 53 %).
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